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Using the protophilic properties of liquid ammonia, the acidity of weak
acids like acetamide and urea could be determined by the author(l). The under-
lying principle can alsc be used to determine hydrogen mobility in hydrocarbens
and other substances which, from the chemical point of view, function as acids
in organometallic compounds (2). Using deuteroammonia as a solvent, the proton
of the solute can be considerably loosened, and exchange of the proton for ‘&™ ™
deuteron effected. C-H groups which do not readily enter into an exchange re-
action with heavy water or deuteroalcohol, even in the presence of alkali (4,6),
can be easily brought into reaction with deuteroammonia, particularly in the
presence of potassium amide ( ~ 0.25N). Then the differences .in exchange re-
action rates are especially pronounced, so that a quantitative comparison of the
mobility of hydrogen and its capacity for ilonization in compounds where the hy-
drogen does not have much mobility becomes possible (5).

The two appended tables show results obtained by the author for a number of
compounds. In Table 1, oA is the coefficient of the distribution of deuterium
between the organic substance and the solvent and n the number of atoms of hydro-
gen exchanged for deuterium. The results in Table 2 were calculated according
to the formula An = PJ—Q— where N is the total number of hydrogen atoms in
the organic compound, c the c0ucentrat10n of deuterium in the water resulting
from the combustion of the compound after exchange, and c, the concentration of
deuterium in deuteroammonia. The rate constant was calculated according to the
equatinon for a monomolecular reacticn. The values of c¢An were determined experi-
mentally in the cases of indene and acetophenone ( W n =2.4), and also for fluo-
rene ( &~ n =1.7). For all other substances it was arbitrarily assumed that
(*n)oe = 1. Shown in parentheses are values of the rate constant which have
been calculated for the purpese of orientation on the basis of a proximate value
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for the energy of activation. Along with the rate constants for the reactilon
of isotope exchange, Table“2 lists conventional constants of ionization

(pK = -1gK).

It is known that hyd;&g?n bound to oxygen or nitrogen enters into an ex-
change reaction instantanecusly even in heavy water. Consequently, the method
of isotope exchange cannot contribute anything of value as far as the compari-
son of hydrogen mobilities in compounds of this type is concerned. According
to A. I. Brodskiy (5), this is due to the presence of a free pair of electrons
in nitrogen or oxygen. Deuterium combines with the electron pair and a proton
is simultaneously split off. On the other hand, a deuteron can combine with a
carbon atom only after the hydrogen bound to the latter has been ionized. This
is a process which requires an expenditure of activation energy. The reaction
rate will be higher when the hydrogen passes into the ionic state more easily.
In other words, there is a parallelism between the reaction rate constants and
the ionization constants.

Using liquid ammonia in which potassium amide had been dissolved, all hy-
drogen atoms of naphthelene could be replaced with deuterium. Similarly, hy-
drogen atoms of the methyl group of toluene could be replaced and exchange re-
actions with other compounds having a low robility of hydrogen carried out.
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Table 2, Constants of Isotope Exchange Reaction Rates in ueutercammonia* and
Conventional Ionization Conskants of Weak Acids

BT

Ionization Constant

Substance Rate Constant (min 'l) pK - -1gK \
Data from l
Conant and Data from

X " Koo Wheland McEwen

—e5° 500 _120® (3 (3)
Methyl alcohol Instanteneous - - - 16
Diphenylamine " - - - 23
p-Toluidine . - - - 27
Indene 1x1073 - (6 X107 22 21
Acetophenone 3 X 10"* - - 20 19
Fluorene X 107 2 Y107*  (1X1072) o4 25
n-Dinitrobenzene - 2 X102 - - T
p-Fitrotoluene 1 %100 4 x106 6 x107t - - X
& - Picoline - - 2 X 1077 - - i
@uinaldine - . 1 X105 . -
Trishenylmethane - - 2 X10-6 28.5 33 _
Acenaphthene - - 2 X 10‘6 - - ;
Nephthelene - - 6 X 10-6 - -
Sodium formiate - - 6 X 10~7 - -
Sodium acetate - - b X10°7 - -
Diphenylmethane - - 3x10°T 295 35

*The values of rate constants determined in the present investigation and
listed here are purely for the purpose of comparison and orientation. -
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